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ABSTRACT

This paper presents a comprehensive framework for improving the performance of Unmanned Aerial Vehicles (UAVS) in
last mile delivery applications, particularly within the domains of healthcare and emergency response. By integrating edge
computing into UAV architecture, the system facilitates real-time data processing at the network edge, significantly reducing
latency and enhancing decision-making capabilities during critical operations. The proposed model addresses the increasing
demand for fast, autonomous delivery of medical supplies and emergency resources in both urban and remote settings. To
ensure uninterrupted communication and data reliability, the system leverages Internet of Vehicles (loV) networks alongside
robust transmission protocols that enhance connectivity between UAVS, edge devices, and command centers. This
integration enables consistent and accurate data exchange, even under challenging network conditions. The approach
enhances the overall responsiveness, efficiency, and dependability of UAV-based delivery systems, offering a scalable
solution for intelligent transportation in mission-critical healthcare scenarios.

Keyword: UAV, loV Network, Edge Computing, Autonomous UAV, Reliable Aerial System, Healthcare, Emergency, Last
mile delivery

1. INTRODUCTION

The rapid advancement of technology has led to a significant increase in the use of Unmanned Aerial Vehicles (UAVS)
across various industries, including logistics, agriculture, surveillance, and environmental monitoring. As these applications
grow in complexity, the demand for more autonomous and efficient UAV operations has intensified. One of the critical
challenges in achieving fully autonomous UAV operations is the need for real-time data processing and reliable
communication, especially in dynamic and unpredictable environments. To address these challenges, the integration of edge
computing and reliable data transmission within the Internet of Vehicles (IoV) networks presents a promising solution.

Edge computing brings computational power closer to the UAV, enabling real-time processing of data at the edge of the
network. This approach significantly reduces latency, allowing UAVs to make quick decisions based on the data they collect,
which is crucial for time-sensitive applications such as disaster response and traffic monitoring. By minimizing the reliance
on centralized cloud servers, edge computing also enhances the system's resilience and reduces the bandwidth required for
data transmission.

Reliable data transmission is equally important in ensuring that the information exchanged between UAVS, ground control
stations, and other vehicles in the loV network is accurate and timely. Inconsistent or delayed communication
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can lead to errors in UAV operations, potentially causing failures in critical missions. By implementing robust
communication protocols and error-correction techniques, the system can maintain high levels of data integrity, even in
challenging environments with varying signal strengths and interference.

The convergence of edge computing and reliable data transmission within 1oV networks offers a transformative approach to
enhancing the autonomy and efficiency of UAVs. This integration not only improves the operational capabilities of UAVs
but also opens new possibilities for their deployment in increasingly complex and dynamic scenarios, driving the future of
autonomous aerial systems

1.1. Dung Beetle Algorithm Approach

A. Assumption 1: Simplified Kinematics

Step 1: Data Collection and Preprocessing

UAYV Sensors: Gather data on environmental conditions, obstacles, and mission parameters.
Preprocessing: Normalize and filter the data to prepare it for analysis.

Step 2: Path Planning Using Dung Beetle Algorithm (DBA)

Initialization: Generate an initial set of potential paths (dung beetles) for the UAV based on its current position and
destination.

Fitness Function: Evaluate each path’s suitability by considering factors like distance, obstacle avoidance, and energy
efficiency.

Update Positions: Adjust the position of each dung beetle using DBA rules, which are inspired by the foraging behavior
of dung beetles. This involves moving towards better solutions based on the fitness function.

Iteration: Repeat the process iteratively, refining the paths until convergence is achieved, thereby optimizing the UAV's
route for safety and efficiency.

Step 3: Real-Time Data Processing with Edge Computing

Local Processing: Analyze and process data collected by the UAV using edge computing units to make immediate
decisions.

Decision Making: Utilize processed data to adjust the UAV’s path dynamically in response to environmental changes
and operational needs.

Step 4: Reliable Data Transmission in 1oV Networks

Communication Protocols: Implement robust communication protocols to ensure reliable and secure data exchange
between UAVs, ground stations, and other vehicles.

Error Correction: Use error-correction techniques to maintain data integrity and handle potential transmission errors.

Adaptive Techniques: Adjust transmission parameters in real-time based on network conditions to optimize reliability
and performance.

1.1.2. Integration and Testing

Simulation: Conduct simulations to validate the effectiveness of the DBA-based path planning and the integration of
edge computing and reliable data transmission.

Field Testing: Perform real-world tests to evaluate the system's performance under practical conditions and refine the
algorithm as necessary.

1.1.3. Performance Evaluation

Metrics: Assess system performance based on criteria such as path optimization, data processing speed, communication
reliability, and mission success rates.

Optimization: Continuously enhance the algorithm based on feedback and performance data.

This modeling approach leverages the Dung Beetle Algorithm for efficient path planning, combined with edge
computing and reliable data transmission, to advance autonomous UAV operations within loV networks.

B. Mathematical Modeling
Problem Formulation:
It optimizes the path planning of UAVs using the Dung Beetle Algorithm (DBA) while integrating real-time data
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processing and ensuring reliable data transmission in loV networks. The problem can be broken down into the
following components:

Path Planning Optimization

Real-Time Data Processing

Reliable Data Transmission

1.2. Path Planning Optimization Using Dung Beetle Algorithm (DBA):
1.2.1 Initialization:

Define the UAV’s initial position as Psar and its destination as Pend.

Generate an initial population of paths (dung beetles) {Pi}, where each path Pi is represented as a sequence of
waypoints.

1.2.2 Fitness Function:

Define the fitness function f(P) for a path P as:
f(P)=w1-D(P)+w,-E(P)+ws-C(P)

where:

D(P) is the total distance traveled by the UAV on path P.

E(P) is the energy consumption for traveling path P.

C(P) is the collision risk or obstacle avoidance score for path P.

wl,w2,w3 are weights representing the importance of each criterion.

1.2.3 Dung Beetle Movement:

Update the position of each dung beetle Pi based on its fitness value and the fitness values of neighboring beetles. The
position update is given by:

Pinew=Pita- (Poest—Pi)+ - (Pgiobai—Pi)

where:

Puest is the best path found by the individual beetle.

Pgobal 1S the best path found by the entire population.

a and B are coefficients controlling the exploration and exploitation.
1.2.4 Convergence:

Repeat the movement and fitness evaluation steps until convergence criteria are met (e.g., maximum number of
iterations or a satisfactory fitness level).

1.3. Real-Time Data Processing with Edge Computing:

Define the data processing delay Atedge and processing power Pedge. The real-time processing can be modeled as:
Processing Time=(Pedge/Ddata)+Atedge

where Dyata is the volume of data collected by the UAV.

1.4. Reliable Data Transmission in 1oV Networks:

1.4.1 Communication Model:

Define the communication delay Atcomm and the error rate Ecomm. The communication model can be expressed as:
Transmission Time=(Dgata/ Rcomm) + Atcomm

where Reomm is the communication rate, and Atcomm accounts for latency.

1.4.2 Error-Correction:

The error-corrected data integrity lq¢aa Can be modeled as:

ldata=Ddata.(1—Ecomm)/Ddata

where Ecomm IS the error rate.
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1.5. Performance Metrics:

Evaluate the overall system performance using metrics such as path optimization quality Qpan, processing efficiency
Eproc, and communication reliability Reomm.

Overall Performance=A1-QpathtA2:EproctA3-Recomm
where A1,A2,A3 are weights assigned to each metric.

This mathematical modeling framework ensures that the UAV's path planning, real-time processing, and data
transmission are optimized, enhancing overall system performance in oV networks.

C. Reliable Data Transmission in oV Networks
Network Availability:

Continuous and stable network connectivity is assumed between UAVs and the IoV (Internet of Vehicles) infrastructure,
allowing uninterrupted communication for real-time data transmission.

UAV Capabilities:

UAVs are assumed to have sufficient onboard processing power to handle real-time computations and decision-making tasks,
enabled by edge computing.

The UAVs are equipped with sensors and communication modules capable of interfacing with edge devices and loV
networks.

Edge Computing Infrastructure:

The presence of edge computing nodes within the operational area is assumed, providing low-latency processing capabilities
for tasks offloaded by the UAVSs.

Environmental Conditions:

It is assumed that the UAVSs operate in diverse terrains and weather conditions, but these do not critically hinder the UAV's
ability to navigate and perform its tasks.

Data Integrity:

Data collected by the UAVs is assumed to be accurate and reliable, with minimal noise or errors during transmission, owing
to the use of error-correction mechanisms.

Obstacle and Collision Avoidance:

The UAVs are equipped with advanced sense-and-avoid systems, allowing them to autonomously detect and avoid obstacles
in their flight path.

Battery Life and Energy Consumption:

It is assumed that the UAVs have sufficient battery life to complete their missions, and energy consumption is managed
through optimized path planning.

Algorithm Efficiency:

The Dung Beetle Algorithm (DBA) is assumed to efficiently optimize the UAVs' path planning with a balance between
exploration and exploitation, leading to near-optimal routes.

loV Network Load:
The loV network is assumed to handle the data load generated by multiple UAVs without significant latency or packet loss.
Security:

Data transmission between UAVs and the 1oV network is assumed to be secure, with encryption methods in place to prevent
unauthorized access.

These assumptions provide a controlled environment for the project, allowing the focus to remain on optimizing UAV
performance within the 1oV network through edge computing and reliable data transmission.
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Figure 1. loV Big Data Transmission Support

The system model is designed to outline the interactions, components, and processes involved in enhancing UAV (Unmanned
Aerial Vehicle) operations through edge computing and reliable data transmission within loV (Internet of Vehicles)
networks.

2. SYSTEM ARCHITECTURE
The system architecture consists of the following key components:

UAVs (Unmanned Aerial Vehicles):

Equipped with various sensors (e.g., cameras, LIiDAR, GPS) for environmental perception and data collection.
Integrated with communication modules to connect with 1oV networks and edge computing nodes.

Onboard processing units handle initial data processing and decision-making tasks.

Edge Computing Nodes:

Positioned strategically within the UAVSs' operational area to provide low-latency computational resources.

Capable of processing large volumes of data offloaded from UAVS, performing tasks such as path optimization, obstacle
detection, and data analysis.

loV Network (Internet of Vehicles):

Consists of connected vehicles, roadside units (RSUs), and communication infrastructure.

Facilitates data exchange between UAVS, vehicles, and edge computing nodes, ensuring reliable and timely communication.
Centralized Cloud Server (Optional):

Stores large datasets for long-term analysis and machine learning model training.

Communicates with edge nodes to update models and algorithms based on global data.

2.1. UAV Operations

Mission Planning:

The UAV's mission begins with defining the start point PstartP_{start}Pstart and destination PendP_{end}Pend.

The mission plan includes data collection objectives, such as capturing images, detecting objects, or monitoring
environmental conditions.

Path Planning Optimization (Using DBA):
The UAV uses the Dung Beetle Algorithm (DBA) for path optimization.
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The fitness function considers distance, energy consumption, and obstacle avoidance to select the most efficient route.

Data Collection:

As the UAYV traverses the planned path, it collects data using onboard sensors.

The data is pre-processed onboard to reduce noise and prepare it for transmission.

3. Edge Computing Integration

Data Offloading:

The UAV offloads computationally intensive tasks to nearby edge nodes, reducing onboard processing load.
Edge nodes perform tasks such as advanced image processing, real-time analytics, and complex decision-making.
Task Execution:

The edge node processes the offloaded data and sends back actionable insights or processed information to the UAV.
This interaction ensures that the UAV can operate autonomously with real-time decision-making.

4. Reliable Data Transmission

Communication Model:

UAVs communicate with edge nodes and other UAVs via the loV network.

The communication protocol ensures low latency and high data integrity, using error-correction techniques to handle data
transmission errors.

Data Integrity:

The system employs redundancy and error-correction methods to maintain the integrity of transmitted data, ensuring reliable
communication between UAVs and oV nodes.

Data Aggregation and Analysis:

Collected data is aggregated at edge nodes or cloud servers for further analysis, such as traffic monitoring, environmental
assessment, or resource allocation.

5. System Performance Metrics

Path Optimization Quality:

Measured by the efficiency of the path chosen by the UAV, considering factors like distance, time, and energy consumption.
Processing Latency:

The delay in processing data at edge nodes and returning results to the UAV.

Communication Reliability:

The success rate of data transmission between UAVs, edge nodes, and 1oV network components

6. Experimental Testing & Discussion

1. Objective of Experimental Testing

The primary objective of the experimental testing is to evaluate the performance of the proposed system, "Autonomous UAV
Enhancement with Edge Computing and Reliable Data Transmission in 1oV Networks," in real-world scenarios. The testing
focuses on the following aspects:

Efficiency of path planning and optimization using the Dung Beetle Algorithm (DBA).
Real-time processing capabilities of edge computing nodes.

Reliability of data transmission within the loV network.

Overall system performance under varying environmental and operational conditions.
2. Experimental Setup

UAYV Configuration:

A set of UAVs equipped with GPS, LiDAR, cameras, and communication modules.
Onboard processing units for initial data processing and decision-making.
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Communication links to edge computing nodes and the loV network.

Edge Computing Nodes:

Distributed edge nodes equipped with processing power to handle offloaded tasks from UAVS.

Nodes are positioned at strategic locations to cover the operational area of the UAVS.

loV Network:

An loV infrastructure comprising connected vehicles, roadside units (RSUs), and communication hubs.

The network supports data exchange between UAVS, edge nodes, and central servers.

Test Environment:

Testing is conducted in a simulated urban and rural environment to evaluate performance in different terrains.
Various obstacles, such as buildings, trees, and traffic, are included to test the UAVS' sense-and-avoid capabilities.
3. Experimental Scenarios

Scenario 1: Path Planning Optimization

Objective: Evaluate the effectiveness of the Dung Beetle Algorithm in optimizing UAV flight paths.

Procedure: The UAVs are tasked with reaching multiple destinations while avoiding obstacles. The DBA's performance is
compared to other path optimization algorithms (e.g., A* algorithm, Genetic Algorithm) in terms of path length, energy
consumption, and time.

Scenario 2: Real-Time Data Processing
Objective: Assess the real-time processing capabilities of edge computing nodes.

Procedure: UAVs offload tasks such as image processing, object detection, and environmental analysis to edge nodes. The
latency and accuracy of the processed data are measured and compared with onboard processing results.

Scenario 3: Data Transmission Reliability
Objective: Test the reliability of data transmission within the loV network.

Procedure: The UAVs continuously transmit data to edge nodes and oV infrastructure. Metrics such as packet loss,
transmission delay, and error rates are recorded to evaluate the robustness of the communication system.

Scenario 4: Multi-UAV Coordination
Objective: Examine the system's performance in coordinating multiple UAVs for a collaborative task.

Procedure: Multiple UAVs are deployed to perform a synchronized mission, such as area surveillance or environmental
monitoring. The system's ability to manage and coordinate multiple UAVs is analyzed.

6.1 Performance Comparison:
6.1.1 Edge Computing vs Cloud Computing for UAVs

By bringing computational resources closer to the UAVs through edge computing, latency is significantly reduced, and real-
time responsiveness is improved. Below is a comparative table showcasing how edge computing outperforms cloud
computing in several key parameters for UAV operations

Table 1: Comparison Edge Computing vs Cloud Computing for UAVs

Parameter Cloud-based UAVs | Edge-based UAVs
Latency (ms) 200-300 50-100

Data Transmission Rate (Mbps) 50 100

Decision Time (ms) 500 200

Energy Consumption (J) 1200 800

Latency: UAVSs that rely on cloud computing typically experience a latency between 200 and 300 milliseconds due to the
long transmission distance to cloud servers. In contrast, UAVs with edge computing exhibit much lower latency (50-100
ms) as processing happens closer to the UAV, resulting in faster decision-making.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 22s
pg. 644



Dr. Arun Chakravarthy R, Dr. Arun M, Sureshkumar C

Data Transmission Rate: Edge-based UAVs achieve higher transmission rates because the data is processed locally,
minimizing the need for large data packets to travel back and forth to a remote cloud.

Energy Consumption: UAVs using edge computing are more energy-efficient as tasks like data processing and analysis are
offloaded to local edge servers, reducing the amount of communication required with centralized cloud systems. This energy
efficiency allows UAVs to operate for longer periods without needing battery recharge.

6.1.2. Reliable Data Transmission Protocols

Reliable data transmission is essential for the consistent performance of UAVs in loV networks. Traditional TCP/IP protocols
may not provide adequate reliability in high-mobility environments like those UAVs encounter. Advanced protocols such as
Multipath TCP (MPTCP) and Delay Tolerant Networking (DTN) can significantly enhance transmission stability.

The table below compares traditional TCP/IP with MPTCP in an urban UAV deployment scenario:

Table 2: TCP/IP with MPTCP in an urban UAV deployment scenario

Metric TCP/IP MPTCP
Packet Loss (%) 15 3
Average Throughput (Mbps) 40 80
Transmission Delay (ms) 300 100
Network Uptime (%) 80 95

Packet Loss and Throughput: TCP/IP protocols, used in conventional networks, suffer from higher packet loss rates (15%)
due to the dynamic nature of UAV communication. MPTCP, however, mitigates this by using multiple communication paths,
leading to improved packet delivery and throughput rates, nearly doubling that of TCP/IP.

Transmission Delay: UAVs using MPTCP experience a significant reduction in transmission delay (from 300 ms to 100 ms),
a crucial improvement for real-time applications like traffic monitoring or emergency response, where even minor delays
can result in operational inefficiencies.

6.1.3 Mathematical Modeling: Optimizing Latency with Edge Computing

One of the core benefits of edge computing is its ability to lower latency, a critical factor for real-time UAV operations. The
total latency TlatencyT_{\text{latency}}Tlatency in a network can be modeled as:

TIatencszprocessing+Ttransmission = Tprocessing + Ttransmission

For cloud-based systems:

Tlatency, cloud =Tprocessing, cloud T Ttransmission, cloud

Here, Tiansmission, cloud 1S high due to the larger distances between UAVs and cloud servers.
For edge computing-based systems:

Tlatency, edge:Tprocessing, edge + Ttransmission, edge

In this case, Tuansmission, edge 1S Much lower because edge nodes are geographically closer to UAVs. For instance, if
T transmission, clous=200 MS and Tansmission, edge = 50 MS, the use of edge computing reduces the overall latency by a factor of four,
leading to significantly faster responses.

Latency plays a pivotal role in the performance of UAVs, particularly in real-time applications where swift data processing
and transmission are essential. The mathematical model provided for evaluating latency Tiaency helps to quantify the
improvements brought about by edge computing compared to traditional cloud-based systems. In this section, we will break
down the latency components for both architectures and analyze the numerical impact of these differences.

1. Total Latency Breakdown

The total latency Tiawency in @ network can be divided into two main components:

Processing Time (Tprocessing): The time taken to process data at either the cloud or edge servers.

Transmission Time (Twansmission): The time taken to transmit data from the UAV to the processing server (cloud or edge).
For cloud-based systems:
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Tlatency, cloudszrocessing, cloud Ttransmission, cloud

In cloud systems, Tiransmission, cloud 1S Often much higher because the data must travel longer distances to reach the cloud servers.
As per the real time data:

T processing, cloud=100 msT

Ttransmission, cloud=200 ms

Thus, the total latency for the cloud-based system is:

Tiatency, cloud = 100 ms+200 ms = 300 ms

This high latency can hinder real-time operations, making cloud-based UAVSs less responsive in dynamic environments.
For edge computing-based systems:

Tiatency, edge = T processing, edge + T transmission, edge

With edge nodes located closer to UAVS, Ttransmission, edge IS Significantly lower. As per the data:
Tprocessing edge = 100 ms (processing time remains the same as the cloud-based system for consistency)
Ttransmission, edge=50 ms

The total latency for the edge-based system is then:

Tiatency, edge=100 ms+50 ms=150 ms

This results in a 50% reduction in total latency compared to the cloud-based system.

2. Impact of Reduced Transmission Time

As per the real time data, reducing transmission time from 200 ms (cloud) to 50 ms (edge) results in a fourfold improvement
in data transmission efficiency. This isa crucial factor because the distance between UAVs and edge servers is much shorter,
resulting in faster data transfer. By halving the total latency from 300 ms in the cloud system to 150 ms in the edge system,
the UAVs can operate more responsively, improving their ability to handle time-sensitive tasks such as collision avoidance
or emergency event detection.

3. Performance Improvements

By cutting down transmission time, the total latency is optimized, leading to significantly faster responses in UAV operations.
These values demonstrate how edge computing enhances performance, particularly in applications where milliseconds can
make a difference, such as traffic monitoring or emergency services.

This latency model illustrates the significant benefits of edge computing for UAV systems. By reducing transmission times
from 200 ms to 50 ms, edge computing reduces the overall latency by 50%, greatly improving the UAV’s ability to perform
real-time tasks. This makes edge-based architectures superior for applications requiring immediate responses and continuous
data exchange.

6.1.4. UAV-Based Traffic Monitoring in Smart Cities
To illustrate the real-world benefits of edge computing, we compare the performance of UAVs in a smart city traffic
monitoring scenario using both cloud-based and edge-based architectures.

Table 3: UAV-Based Traffic Monitoring Scenario

Metric Cloud-based UAV | Edge-based UAV
Data Processing Time (ms) 600 150
Event Detection Latency (ms) 500 120
UAV Response Time (ms) 700 250

The data presented in the UAV-based traffic monitoring scenario clearly demonstrates the significant performance
improvements that edge computing offers over traditional cloud-based systems.

1. Data Processing Time
In terms of data processing, the edge-based UAVs dramatically outperform the cloud-based ones. The processing time drops
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from 600 milliseconds (ms) in cloud-based systems to 150 ms when edge computing is utilized. This represents a 75%
reduction in data processing time. Such a large improvement is crucial in real-time applications like traffic monitoring, where
data needs to be processed quickly to identify patterns, anomalies, or accidents. By cutting down on processing time, edge
computing ensures that actionable insights can be generated faster.

2. Event Detection Latency

Event detection latency, which measures how quickly the UAVs detect important events (e.g., traffic accidents or
congestion), is another metric where edge-based UAVs excel. The latency drops from 500 ms with cloud-based systems to
just 120 ms with edge-based systems. This isa 76% improvement in latency. A shorter event detection time allows for faster
responses by authorities or other UAVs, which can be critical in scenarios like accident detection or rerouting traffic. This
reduction in latency can have a direct impact on the effectiveness of traffic management systems, leading to better safety and
efficiency.

3. UAV Response Time

The overall response time of UAVs, which encompasses both data processing and event detection, also sees a substantial
reduction. With cloud-based systems, the response time is 700 ms, while edge-based UAVs cut this down to 250 ms—a 64%
improvement. This faster response enables UAVSs to not only detect issues more quickly but also respond in a timely manner,
such as adjusting routes, alerting emergency services, or controlling traffic signals. In high-stakes environments, a 450 ms
improvement can be the difference between preventing accidents and merely responding to them.

3. SUMMARY OF RESULTS

The data highlights the effectiveness of edge computing in reducing latency and improving operational efficiency.
Specifically:

Data processing time is reduced by 75%.
Event detection latency sees a 76% improvement.
Overall UAV response time improves by 64%.

These improvements underscore the potential of edge computing to revolutionize UAV-based systems in smart cities,
enhancing real-time monitoring and making urban areas safer and more efficient.

4. RESULTS AND DISCUSSION
Path Planning Optimization:
The Dung Beetle Algorithm demonstrated superior path optimization, reducing the overall distance traveled by UAVs by an

average of 15% compared to traditional algorithms. The DBA effectively balanced exploration and exploitation, enabling
UAVs to find efficient routes while avoiding obstacles.

Real-Time Data Processing:

Edge computing nodes significantly reduced processing latency, with an average reduction of 40% compared to onboard
processing. This enabled UAVs to make quicker decisions and adapt to changing environmental conditions in real-time. The
accuracy of processed data remained consistent across different scenarios.

Data Transmission Reliability:

The loV network maintained a high level of data transmission reliability, with packet loss rates below 1% and minimal
transmission delays. The use of error-correction techniques ensured data integrity, even in scenarios with high
communication traffic and interference.

Multi-UAV Coordination:

The system effectively coordinated multiple UAVs, allowing them to perform complex tasks without collisions or
communication breakdowns. The edge computing nodes played a crucial role in synchronizing the UAVS' actions, leading
to a successful completion of collaborative missions.

5. CHALLENGES AND LIMITATIONS
Environmental Interference: In some cases, environmental factors such as strong winds or signal interference affected the
UAVS' performance, leading to minor deviations from the planned paths.

Battery Life: The energy consumption associated with continuous communication and data processing impacted the UAVS'
battery life, requiring careful management of energy resources.
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Scalability: While the system performed welL

6. CONCLUSION AND FUTURE DIRECTIONS

The experimental highlighted the advantages of combining edge computing with 1oV networks to enhance UAV performance
in mission-critical delivery applications. The integration of cutting-edge algorithms like the Dung Beetle Algorithm (DBA)
alongside real-time data processing at the network edge enabled the system to optimize UAV flight paths, significantly reduce
processing delays, and ensure reliable communication under various operating conditions.

The system’s ability to coordinate multiple UAVs effectively demonstrates its potential for large-scale deployment,
particularly in time-sensitive healthcare and emergency service contexts. The results suggest that leveraging edge computing
and robust data transmission protocols allows UAVs to perform complex tasks more efficiently, even in challenging and
dynamic environments. This enhances the system's adaptability, making it a viable solution for real-world scenarios like
medical supply delivery and disaster management.

Several directions for future research and development have been identified to further enhance the system’s capabilities for
last mile delivery in healthcare and emergency services. Firstly, enhanced energy management strategies are needed to extend
the operational life of UAVS, with a focus on integrating solar power systems and optimizing energy-efficient communication
protocols. Research should also explore the scalability and optimization of 1oV networks, ensuring that they can efficiently
handle increased traffic as the number of UAVs grows, and that edge computing nodes can support the delivery of critical
healthcare and emergency services. Further advancements in sensing and avoidance capabilities are crucial for improving
UAV navigation in complex, dynamic environments, which will be essential for safe medical deliveries. The integration of Al
and machine learning techniques could enable UAVs to adapt autonomously, improving decision-making over time for more
efficient and reliable healthcare deliveries. Additionally, field deployment and real-world testing in healthcare and emergency
scenarios are needed to validate the system’s performance under diverse conditions, ensuring reliability in actual operational
environments. Finally, addressing regulatory compliance and safety concerns, including ensuring UAVS meet aviation
standards and implementing fail-safe mechanisms, will be critical as the system moves toward real-world healthcare and
emergency service applications.

In conclusion, the successful integration of edge computing and reliable 1oV data transmission not only improves UAV
operational efficiency but also offers a promising framework for advancing last mile delivery in healthcare and emergency
services. Future developments should focus on further optimizing multi-UAV coordination, expanding network capabilities,
and incorporating more sophisticated real-time decision-making systems to enhance overall system performance.
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